Minocycline is an antibiotic commonly used in the treatment of adolescent acne.
Other features included hypergammaglobulinemia and a positive anti-smooth muscle antibody titer. Two patients underwent liver biopsy that revealed severe chronic lymphoplasmacytic inflammation, necrosis, and fibrosis. All other causes of liver disease were excluded. One patient had resolution of symptoms with withdrawal of the drug, while 2 required immunosuppression therapy. A review of the literature yielded only 18 similar cases, none in the pediatric literature, the majority of which contained incomplete pertinent data.
Conclusions:
Minocycline is related to the development of autoimmune hepatitis in some adolescents. Pediatricians who use this drug for treatment of acne should be aware of this serious potential relation and stop the drug immediately when suspicion is raised.
Arch Pediatr Adolesc Med. 1998; 152:1132 -1136 M INOCYCLINE IS now the m o s t w i d e l y p r escribed systemic antibiotic for acne. Initial studies emphasized its relative safety and identified common adverse effects including headache, lightheadedness, vertigo, nausea, weakness, and rash. [1] [2] [3] As its use has increased, more serious sequelae have been identified, including serum sickness-like reaction, drug-induced lupus, 4 pneumonitis, hypersensitivity syndrome reaction, acute febrile neutrophilic dermatosis (Sweet disease), and hepatitis. 5 We describe 3 adolescents in whom autoimmune hepatitis developed related to minocycline use. While the manifestations and outcome of this illness are variable, the potential severity of the hepatitis warrants immediate attention and discontinuation of the drug in affected patients.
REPORT OF PATIENTS

PATIENT 1
A 15-year-old girl received oral minocycline, with variable compliance, in addition to a topical acne regimen (benzoyl peroxide, clindamycin phosphate, and tretinoin) for 18 months. Two months before her evaluation for liver disease, 100 mg of minocycline once daily was started with good compliance. During these 2 months, arthralgias in her knees, toes, fingers, and wrists; a livedo reticularis rash over her shins; intermittent fevers to 39 o C; and fatigue developed. The results of the physical examination were normal with the exception of a violaceous serpiginous rash over both shins. The liver span was 6 cm, and there was no splenomegaly or lymphadenopathy. The laboratory evaluation demonstrated an aspartate aminotransferEditor's Note: Minocycline-related autoimmune hepatitis seems to be a relatively rare problem. However, we need to be aware of the potential problems if we care for adolescents, in whom acne is hardly rare. . The results of an abdominal ultrasonogram were normal. The minocycline was discontinued, and 1 week later, the AST level was 54 U/L, the ALT level was 101 U/L, and the serum IgG level was 39 g/L. After 5 weeks, the AST and ALT levels returned to normal.
PATIENT 2
A 15-year-old girl with a 1-year exposure to 200 mg of minocycline daily was examined because of midepigastric pain, jaundice, nausea, diarrhea, decreased appetite, and a 9.1-kg weight loss over 2 months. There was neither fever nor complaints of joint pain or discomfort. The physical examination revealed a liver span of 12 cm, jaundice, and spider angiomata. There was no splenomegaly, arthritis, or lymph- An attempt at tapering the dosage of prednisone at 1 month was associated with a reactivation of the hepatitis. The AST and ALT levels became normal after 9 months of treatment with corticosteroids and azathioprine.
PATIENT 3
A 16-year-old boy had been taking 100 to 200 mg of minocycline daily for 18 months before being examined because of a 1-month history of increasing fatigue, a decrease in appetite, and intermittent night sweats out focal lesion. The minocycline was discontinued. Despite this, his levels of AST and ALT did not decline, and he underwent liver biopsy 1 week later because of concern for substantial immune-related injury that might require immunosuppressivetherapy.Thebiopsyrevealedchronichepatitis with diffuse hepatocellular damage, marked necroinflammatory activity, and marked portal and pericellular fibrosis with portal-to-portal bridging. The presence of numerous plasma cells was consistent with an autoimmune process (Figure, C) . He was treated with oral prednisone. Within 2 weeks his laboratory abnormalities and visceromegaly resolved. With tapering of the corticosteroid dosage, azathioprine therapy was started, and 2 months later he was asymptomatic (except for severe acne).
All patients had negative serologic test results for hepatitis A, B, and C; Epstein-Barr virus; and cytomegalovirus, in addition to normal ceruloplasmin levels, iron studies, and ␣ 1 -antitrypsin levels. No patient had antiliver-kidney-microsomal antibody.
COMMENT Drug-induced hepatotoxic effects are common and have been attributed to a wide variety of antibiotics including tetracycline hydrochloride, isoniazid, sulfonamides, and nitrofurantoin. Although many drugs are associated with the development of autoantibodies, drug-associated autoimmune hepatitis is much less common and has been described with pemoline, ticrynafen, and hydralazine hydrochloride. In the latter 2 medications, covalent binding of a drug metabolite with the metabolizing protein CYP2C9 or 1A2 results in an antigenic molecule with secondary immune response resulting in hepatitis. 6 Minocycline is a synthetically modified tetracycline with a broad antimicrobial spectrum and activity against Staphylococcus organisms and anaerobes. This attribute, along with its long half-life of 11 to 13 hours, makes it an attractive choice in the treatment of acne in adolescents. Because of the known hepatotoxic effects of the parent drug, tetracycline, the effect of intravenous minocycline in mice was studied. Although increases in AST and bilirubin values were noted, there were no morphologic abnormalities in the livers. 7 When the safety of minocycline in 200 humans (mean age, 21.6 years) at doses up to 200 mg/d was monitored with aminotransaminase levels every 3 months (range 2 weeks to 4 years), no significant biochemical abnormalities were detected. 1 Despite this, case reports of hepatic injury began to emerge 12 years after minocycline became widely available, and more than 45 cases of minocycline-related autoimmune hepatitis have now been reported in the medical literature not targeted to pediatric practitioners, with various degrees of morbidity ranging from reversible elevations in aminotransferase levels to fulminant hepatic failure requiring liver transplantation. 8 Before the present report, 18 adolescents with minocycline-related liver injury have been described, and the proportion of the liver injuries that were immunemediated or associated with autoantibodies is unclear. 5, 6, [8] [9] [10] [11] [12] The medical literature targeted to pediatric practitioners contains no cases, suggesting that this entity is underreported. Available clinical and laboratory data are summarized in the Table. The hepatic histopathologic features were described for only 4 of the 18 adolescents, although 5 were treated with corticosteroids, and 2 underwent liver transplantation. The pediatric experience roughly reflects that of Gough et al 12 who reviewed all patients with minocycline-induced lupus and autoimmune hepatitis in the United Kingdom through April 1994. There was a slight female predominance (57% [12/21] ) and variable duration of exposure to minocycline (21 days to 2 years). Clinical features of the illness included fever (33% [7/21] ), polyarthralgia (19% [14/ 21]), rash (39% [8/21] ), malaise, anorexia, and jaundice. The prognosis was highly variable; many recovered with simple withdrawal of the antibiotic (as in our case 1), while others required prolonged immunosuppression (as in our cases 2 and 3).
The distinction should be made between direct hepatotoxic effects of the drug and drug-associated immune-mediated injury. The patients we describe met the 1993 International Autoimmune Hepatitis Group criteria for the diagnosis of autoimmune hepatitis, 13 which are as follows: 1. histological evidence of chronic hepatitis with periportal or periseptal piecemeal necrosis and a predominantly lymphoplasmacytic inflitrate;
2. abnormal levels of serum ALT and AST, especially if alkaline phosphatase activity is not markedly elevated;
3. serum immunoglobulin (total globulin or IgG) concentration greater than 1.5 times the upper limit; 4. seropositivity for antinuclear, smooth muscle actin, or liver-kidney-microsomal-1 antibodies at titers greater than 1:20; and 5. absence of evidence for viral, metabolic, or alcoholic hepatitis. 
